Angular distributions of tritons from the 123 Sb(p,t) 121 Sb reaction induced by 26 MeV protons have been measured up to an excitation energy of about 3 MeV using a Q3D spectrometer. Many previously unknown levels of 121 Sb have been observed. Microscopic calculations of the 123 Sb(p,t) 121 Sb reaction cross sections, using the quasiparticle-phonon model, give a reasonably good description of the fragmentation of the ͑p,t͒ cross sections and the lack of ͑p,t͒ strength above 2.7 MeV of excitation energy. The experimental results from the 122 Sn(p,t) 120 Sn reaction have been used to discuss the role of the unpaired quasiparticle in 121 Sb in determining the properties of its levels.
I. INTRODUCTION
The weak coupling model has been used in spectroscopic studies of odd-A nuclei ͓1,2͔ to further the understanding of their spectra. The simplest form of this model foresees that a class of states in odd-A nuclei will arise from the coupling of the odd particle with a basically undisturbed state of the (A Ϫ1) even-even nucleus. The coupling of the odd spectator particle with an excited state of the core generates a multiplet of homologous states with spin J which varies from ͉J p ϪJ c ͉ to (J p ϩJ c ) where J p (J c ) is the spin of the particle ͑core͒. According to this approach the excitation probability for the members of the multiplet is proportional to (2J ϩ1).
The concept of homologous states has been experimentally investigated via (p ជ ,␣) reactions in the regions with A Ϸ208 ͓3-5͔ and AϷ90 ͓6,7͔. Recently we have also done more detailed theoretical studies on the properties of homologous states in the lead region ͓8͔.
The aim of the present experiment is to compare the cross sections of ͑p,t͒ reactions induced on adjacent 122 Sn and 123 Sb target nuclei in order to extract the properties of levels in 121 Sb whose configurations can be described by the coupling of the 1g 7/2 proton with the even-even 120 Sn core. The lighter member of the chosen pair of target nuclei has a magic proton shell so that the additional proton in the heavier member occupies a higher proton shell. Comparison of the cross sections of the two reactions can thus provide information on the role of the extra unpaired proton.
The level structure of the 121 Sb nucleus has been investigated in many ways: the 121 Sn ␤ decay ͓9-11͔; the 121 Te ␤ Ϫ␥ decay ͓12͔; Coulomb excitation studies ͓13-15͔; the 120 Sn(p,p) reaction using the isobaric analog resonances ͑IAR͒ with unpolarized ͓16͔ and polarized protons ͓17,18͔; inelastic scattering with the (d,dЈ) ͓13͔ and (␣,␣Ј) reactions ͓19͔; and in ͑␥, ␥͒ and (␥,␥Ј) studies ͓20-22͔. The following reactions have been studied using in-beam ␥-ray spectroscopy: 121 Sb(n,nЈ␥) 121 Sb ͓23,24͔, 120 Sn(p,␥) 121 Sb ͓24͔ and 120 Sn( 7 Li,␣2n␥) ͓25͔. Single-particle proton states have been studied by means of the 120 Sn( 3 He,d) 121 Sb reaction ͓13,26͔ and proton hole states by means of the 122 Te(t,␣) 121 Sb reaction ͓27͔. The experimental results are summarized in Nuclear Data Sheets ͑NDS͒ ͓28͔. 121 Sb has also been studied in the two-nucleon transfer reaction 123 Sb(p,t) 121 Sb ͓29͔, but only partial results are presented ͓29,30͔. For this reason we have performed a new investigation of the 123 Sb(p,t) 121 Sb reaction by means of a high resolution experiment at 26 MeV incident proton energy. 33 of the 66 levels observed in the present ͑p,t͒ experiment up to an excitation energy of ϳ2.7 MeV are not reported in NDS ͓28͔.
There have been several theoretical investigations ͓24,31͔ of 121 Sb. A comprehensive review of the odd-proton nuclei near Zϭ50 has been given by Heyde et al. ͓32͔ .
Although such a wide variety of reactions, with a high degree of selectivity and a relatively high resolution, has been used to study 121 Sb levels, spin and parity assignments for the levels above 2 MeV are still incomplete.
The density of complex configurations rapidly increases with the excitation energy. In odd nuclei, complex configurations have the structure ͓quasiparticle n phonons͔ with different total angular momenta J . The interaction between them, and with the simpler ͓one-quasiparticle͔ configurations, should result in a rather complex structure of nuclear excitations in odd-mass nuclei, even at an excitation energy of a few MeV. This means that the validity of a simple approach, which treats an unpaired quasiparticle as a specta-tor, should be verified and its predictions compared with the results of more advanced nuclear models which take into account the interplay between simple and complex configurations. Experimental data from ͑p,t͒ reactions on adjacent nuclei, in which many levels can be observed, provide an excellent opportunity to clear up to what extent the spectator approach may be applied, and what its shortcomings are.
To accomplish this task, the measured 123 Sb(p,t) 121 Sb cross sections will be compared with the theoretical predictions employing two approaches for nuclear structure calculations. The first one is the spectator model, already mentioned. The second is the quasiparticle-phonon model ͑QPM͒ ͓33͔, which accounts for the interaction between simple and complex configurations of nuclear excitations. QPM has been rather successful in describing the fragmentation of the simplest components of nuclear wave functions ͓33-36͔. Within QPM, phonons of different multipolarities and parities are obtained by solving quasiparticle random-phase approximation equations. The single particle spectrum and phonon basis are determined from the calculations on the neighboring even-even nuclear core. On the other hand, the QPM analysis can be easily transformed into the spectator approach by switching off the interaction between different configurations in the model space.
The paper is organized as follows. In Sec. II A, the experimental method and apparatus are described. In Sec. II B, measured cross section angular distributions are compared with the distorted wave Born approximation ͑DWBA͒ analysis with conventional Woods-Saxon potentials. Section III is devoted to the QPM analysis of the experimental results. Section IV presents a summary of our conclusions.
II. EXPERIMENTAL METHOD AND RESULTS

A. The experiment
We have measured the angular distributions of the twoneutron pick-up reaction 123 Sb(p,t) 121 Sb using the proton beam of the Garching HVEC MP Tandem at the proton incident energy E p ϭ26 MeV, with a beam current ranging from ϳ500 nA up to 800 nA.
An isotopically enriched 123 Sb ͑98%͒ target, with a thickness of 100 g/cm 2 on 7 g/cm 2 carbon backing, has been used. Outgoing tritons have been detected in the focal plane of the Q3D magnetic spectrograph by using the position and angle resolving light ion detector, with single wire proportional detectors and cathode periodic readout ͓37͔. Crosssection angular distributions have been measured from 5°a nd 65°in steps of 5°in the excitation energy range from 0 to 2.7 MeV, with an energy resolution of 8 keV full width at half maximum. The setting of spectrograph entrance slits provided a solid angle of 2.978 msr at ϭ5°and of 11.038 msr at у10°.
To provide the energy calibration of the 121 Sb spectra, the 122 Sn(p,t) 120 Sn reaction data ͓38͔ have been used to establish a correlation between measured channels and excitation energies. This procedure was used to compensate for the lack of reference levels with precisely measured excitation energies in the 121 Sb adopted level scheme ͓28͔, above ϳ1.8 MeV. The 122 Sn(p,t) 120 Sn and the 123 Sb(p,t) 121 Sb reactions were measured in the same experimental conditions. Our quoted energies are hence estimated to have an uncertainty of Ϯ3 keV. The triton spectra were analyzed with the AUTOFIT shapefitting code ͓39͔. The errors in the absolute cross sections are mostly determined by the uncertainties regarding the target thickness, solid angle, collected charge, background subtraction at higher excitation energies, and counting statistics, giving an overall value of ϳ15%, while the dead time was completely negligible.
Most of the 33 states detected for the first time in the present experiment are weakly excited. They have been observed due to the use of the high resolving power of the Q3D magnetic spectrograph and a large solid angle. This large number of weak transitions is a confirmation of the selectivity of ͑p,t͒ reactions which gives a small number of intense transitions. To avoid the presence of contaminant peaks from the 121 Sb(p,t) 119 Sb reaction, few forward angle spectra have been measured in the same experimental conditions.
The measured triton spectrum at lab ϭ10°for the 123 Sb(p,t) 121 Sb reaction is shown in Fig. 1 . The excitation energies are indicated for the most excited levels and the contribution of the visible levels from the 121 Sb(p,t) 119 Sb reaction is also given. Table I reports the spectroscopic information on 121 Sb, deduced from the present experiment and compared with information available in the literature ͓28͔. The integrated experimental cross sections and the relative spectroscopic factors are also given in the last two columns. We have observed 66 excited states in all, up to an excitation energy of Ӎ2.7 MeV, of which 33 were unknown before.
B. The experimental results
Most of the existing data on two-neutron transfer reactions such as ͑p,t͒ are concentrated on studies with even-even target nuclei. Starting from a 0 ϩ initial state and assuming that the neutrons are transferred in a state of relative angular momentum zero, only natural-parity states in the final nucleus will be populated in a one-step transfer process, with a unique L transfer. In this case, the determination of the L transfer directly gives both spin and parity of the observed level.
For odd target nuclei, generally more than one L transfer may contribute to the excitation of a given final state. A more favorable situation is obtained when only one L transfer dominates a given transition amplitude. This behavior can be observed in ͑p,t͒ reactions on odd-A nuclei for a certain class of states, arising from coupling the odd particle with the states of the (AϪ1) even-even core ͓1,2͔.
For the transitions populating the states in 121 Sb, DWBA analyses have been performed assuming a semimicroscopic dineutron cluster pickup mechanism. Angular distributions for the observed levels are shown in Figs. 2-7 where they are compared with the calculations performed using the code TWOFNR ͓40͔. The DWBA calculations have been performed in a finite-range approximation using a proton-di-neutron interaction potential of Gaussian form V(r p2n )ϭV 0 exp Ϫ(r p2n /) 2 with ϭ2 fm. The parameters for the proton entrance channel, deduced from a systematic survey of elastic scattering by Perey ͓41͔ and for the triton exit channel by Fleming et al. ͓42͔ , have been slightly adjusted in order to improve the agreement with the experimental angular distributions. Alternative proton ͓43͔ and triton ͓44͔ potentials have been tried, using the ground state transition as a test case, but they give poorer fits. Table II summarizes the optical model parameters for the proton and triton continuum wave functions, and the geometric parameters used for evaluating the bound-state wave function of the transferred dineutron cluster. The optical model parameters shown in Table II have been also used to analyze the angular distributions of the 122 Sn(p,t) 120 Sn reaction, measured at 20 MeV ͓42͔ and 26 MeV ͓38,45͔, giving good agreement between experimental results and DWBA calculations. Therefore we assume that multistep processes, which are not taken into account in the DWBA analyses and which could affect the extracted strengths, are small in these nuclei.
The transferred L values have been assigned by comparing the shapes of the experimental angular distributions with the calculated ones. DWBA curves are quite different for different L transfers, except for the Lϭ4 and Lϭ5 shapes, which are fairly similar. We are able to fit rather satisfactorily the angular distributions for all the observed levels assuming only one L-transfer. The g.s. and 1.932 MeV level angular distributions cannot be fitted with a unique L transfer. In the NDS ͓28͔ the g.s. is listed as J ϭ5/2 ϩ . In this case, the allowed L transfers are 2, 4, and 6. The results of DWBA calculations for the allowed L transfers have been incoherently added with relative intensities proportional to 2Lϩ1, following the suggestions of Ref. ͓46͔, as already done in analyzing the 91 Zr(p,t) 89 Zr ͓47͔ reaction. The resulting curve is rather featureless, although each L-transfer distribution displays noticeable angular structure. The agreement between experimental and predicted shapes is rather good.
In the case of the 1.932 MeV level, no a priori argument exists to choose an L-transfer mixing. The angular distribution is similar to the g.s. angular distribution. Thus, we have used also for this level a combination of Lϭ2ϩ4ϩ6, weighted with the 2Lϩ1 factor. For this level too, the angular distribution is well reproduced.
For the levels up to 1139 keV, we confirm the parity assignments reported in the adopted level scheme ͓28͔, while the adopted spin values are in the range allowed by the L-transfer values indicated by the present experiment. For the 37 keV level, the 7/2 ϩ spin and parity values are confirmed, because the transition to this level is observed to exhibit an angular distribution with Lϭ0 shape.
In the adopted level scheme ͓28͔, a level at 1447.5 keV is listed as 1/2 Ϫ , 3/2 Ϫ . We see a level at 1.447 MeV with an angular distribution well reproduced by a pure Lϭ2 transfer. Consequently the parity of our level is positive and the angular momentum can range from 3/2 to 11/2. Presumably this level does not coincide with the level at 1447.5 keV, quite strongly excited in the 122 Te(t,␣) 121 Sb reaction via an Lϭ1 pickup ͓27͔.
In the present experiment we see a level at 1.995 MeV whose angular distribution is accurately reproduced by assuming an Lϭ2 transfer (3/2 ϩ рJ р11/2 ϩ ). It might not be the state reported in NDS ͓28͔ at 1994.6 keV, to which spin TABLE I. The adopted energies, spins and parities ͓28͔ of the 121 Sb levels in comparison with the results of the present work: the energies, the transferred angular momentum L, the spin and parity range, and the integrated cross sections from 5°to 65°. Our quoted energies are estimated to have an uncertainty of Ϯ3 keV. Absolute cross sections are estimated with a systematic uncertainty of Ϯ15%. In column 7 are reported the relative spectroscopic factors, defined as S r ϭ͓(d/d⍀) exp /N(d/d⍀) DW ͔, where (d/d⍀) DW is calculated by finite range DWBA theory, using the TWOFNR code; N is chosen to give S r ϭ1 for the first excited state.
Levels of 121 Sb Adopted
Present experiment E exc ͑keV͒ and parity J ϭ(15/2) ϩ are attributed on the basis of the study of the 120 Sn( 7 Li,␣2n␥) reaction. We attribute J ϭ7/2 ϩ to the levels at 2189, 2233, 2437, and 2502 keV on the basis of the Lϭ0 transfer that satisfactorily reproduces the forward angles in their angular distributions. The second and the third of these are reported in the adopted level scheme ͓28͔. The other two have been observed for the first time.
III. THEORETICAL ANALYSIS
Since it is not possible to identify unequivocally the spin of most of the excited levels in 121 Sb from the analysis of angular distributions of the ͑p,t͒ cross section, theoretical support is needed for a better understanding of the experimental results. To this purpose, microscopic calculations of the 123 Sb(p,t) 121 Sb reaction cross sections have been performed.
First, calculations were done for the neighboring eveneven 120 Sn nucleus. The model parameters were fixed at this stage. The calculations in 121 Sb include no other free parameters because all matrix elements of the interaction between different configurations in the model space of 121 Sb are calculated on a microscopic footing, making use of a model Hamiltonian and an internal fermion structure of phonons of the core excitation. With this approach the properties of phonons, i.e., their internal fermion structure and excitation energies, are obtained by solving the quasiparticle-RPA equations. The occupation numbers for particles and holes and the quasiparticle spectrum are calculated from the BCS equations. Excited states in 120 Sn have been described by wave functions which include one-and two-phonon configurations. The parameters of the Woods-Saxon potential for an average field for protons and neutrons of the model Hamiltonian, as well as the strength parameters for monopole pairing, are taken from Ref. ͓48͔ . The strength parameters of the multipole residual interaction have been adjusted to reproduce the properties of low-lying collective states. The particle-particle channel of the residual interaction is very important for a correct description of the excitation of low-lying states in two-nucleon transfer reactions. 1 An interplay between particle-hole and particle-particle channels of the residual interaction has been studied in detail within QPM in the case of Nd isotopes in Ref. ͓50͔ . These studies have shown that a consistent description of the ͑p,t͒ reaction cross sections and of data from inelastic proton and deuteron scattering is achieved when the strength of the particle-particle residual interaction is 0.9 times the isoscalar part of the particle-hole residual interaction. We have kept this ratio in the present study. Thus, the only variable parameters in these calculations are the strengths of the residual interaction. They have been fixed to reproduce the energies of the low-lying states in 120 Sn.
The ground and excited states of 121 Sb have been de-scribed by wave functions of the form
͑1͒
where ␣ jm ϩ is a quasiparticle ͑qp͒ creation operator and Q ␤ ϩ is a phonon ͑ph͒ creation operator. Square brackets in Eq. ͑1͒ denote angular momentum coupling, i.e., ͓␣ j
are the Clebsch-Gordan coefficients. Quasiparticles with shell quantum numbers jmϵ(n,l, j,m) have half-odd-integral angular momenta. The index ␤ of the phonon operator means a combination of ͑, , i͒ where i is used to distinguish between one-phonon states of the same multipolarity , but with different excitation energies. In QPM, phonons are composed of different two-quasiparticle configurations. Thus, the wave function ͑1͒ may be also considered as a mixture of one-, three-, and five-quasiparticle configurations. When odd nuclei with an unpaired proton are considered, both 12 and 3 configurations contribute to the second term of wave function ͑1͒, etc.
In the actual calculations we have used several of the lowest RPA states for each multipolarity ϭ0Ϫ7 corresponding to natural parity excitations of the 120 Sn core nucleus. To make realistic calculations possible, we have been obliged to truncate the basis of complex configurations. This has been done assuming that the configurations at high excitation energies have marginal influence on the properties of low energy excited states. In the present calculations, we have included all ͓qpϫ1ph͔ configurations up to 4.0 MeV, and all ͓qpϫ2ph͔ configurations up to 5.75 MeV, which do not violate the Pauli principle. Calculations have been performed for excited states in 121 Sb with J ranging from 1/2 Ϯ to 19/2 Ϯ , up to 3.5 MeV.
Coefficients C, S, and D in Eq. ͑1͒, and energy eigenvalues, are obtained by diagonalizing the model Hamiltonian on the set of wave functions ͑1͒. The index is used to distinguish between different excited states with the same J . For more details of the QPM application to the description of excited states in odd-mass nuclei, we refer to ͓51-53͔.
DWBA calculations employing spectroscopic amplitudes calculated from microscopic wave functions for the different configurations of the transferred nucleons are rather complex. On the other hand, the spins of most observed levels could not be unambiguously assigned to establish a one-toone correspondence between observed levels and calculated excited states. Thus the main interest is not to compute the absolute value of the ͑p,t͒ cross section for each level in 121 Sb, but rather to consider the general features of the fragmentation of the ͑p,t͒ cross section in this nucleus. That is why we did not perform DWBA calculations with the QPM spectroscopic amplitudes. Instead we used the experimentally measured ''transition amplitudes'' of the 122 Sn(p,t) 120 Sn reaction from Ref. ͓38͔ in the QPM calculations of the 123 Sb(p,t) 121 Sb cross sections. The procedure was the following. The L-transfer values deduced from the DWBA analysis of the 122 Sn(p,t) 120 Sn cross sections allow an unambiguous assignment of spin and parity to the 120 Sn observed levels because of J g.s.
ϭ0 ϩ for 122 Sn. It is possible to establish a correspondence up to about 3 MeV between the set of observed levels with definite J and the onephonon states in 120 Sn of the same spin and parity in the QPM calculations taking into account the excitation energy and collectivity of the states ͑see Fig. 8͒ . 2 After this correspondence has been established the square root of the experi-mental cross section has been taken as the transition amplitude for the J i one-phonon state in 120 Sn. The procedure applied for the transition amplitudes does not allow us to determine their relative signs. However these signs become very important for the calculations in 121 Sb, where interference effects among the different components of the wave function ͑1͒ take place. To determine the signs, a simplified calculation for each J i one-phonon configuration in 120 Sn was performed. The transition amplitude is proportional to ͚ k f k i k (J), where k goes over different possible two-neutron configurations coupled to angular momentum J, f k is the transition amplitude to excite the k two-neutron configuration, and i k (J) is a contribution of this configuration to the wave function of the one-phonon state J i
. The assumption f k ϭconst, as recommended in Ref. ͓49͔ and checked in Ref. ͓50͔ , is sufficient to determine the sign of the J i transition amplitude. When 121 Sb is excited in the 123 Sb(p,t) 121 Sb reaction the same set of phonons of the core 120 Sn is involved. The unpaired proton of antimony does not influence the excitation process in a one-step transfer. For this reason, the reaction amplitudes (A i ) of the 0 g.s.
ϩ ( 122 Sn)→Q i ϩ ( 120 Sn) transitions may be used to describe the 1g 7/2 ( 123 Sb)→͓1g 7/2 ϫQ i ϩ ͔ J ( 121 Sb) transitions. In addition, the reaction amplitude (A 0 ) of the 0 g.s. ϩ ( 122 Sn)→0 g.s. ϩ ( 120 Sn) transition for the excitation of the ground state in 120 Sn should correspond to the excitation of the 7/2 ϩ quasiparticle configuration in 121 Sb, i.e., for the 1g 7/2 ( 123 Sb)→1g 7/2 ( 121 Sb) transition. Thus, the excitation cross section of the states ͑1͒ in 121 Sb are calculated using
͑2͒
This means that the ͓␣ j ϩ Q i ϩ ͔ JM components of the wave function ͑1͒ with j 7/2 ϩ make no contribution to the transition amplitudes in the present calculations. Indeed, these configurations may be excited only in the next order of perturbation theory due to the internal fermion structure of phonons. Thus, their excitation amplitudes are a few orders of magnitude smaller than A i , and may be neglected. Nevertheless, these configurations are essential to the calculations because they are responsible for the fragmentation of the excitation strength.
The 1g 7/2 quasiparticle configuration has an amplitude of 0.97 in our calculated 123 Sb ground state. Thus the two-neutron transition amplitudes determined from 122 Sn(p,t) 120 Sn must be multiplied by 0.97 in order to have a correct relative normalization of the 122 Sn(p,t) 120 Sn and 123 Sb(p,t) 121 Sb reactions. The distribution of the 1g 7/2 quasiparticle configuration over the excited states in 121 Sb is very similar to its distribution in 123 Sb. 93% of it is concentrated in the first excited state at 40 keV in the present calculations. Since the transition matrix element 1g 7/2 ( 123 Sb)→1g 7/2 ( 121 Sb) is much larger than the 1g 7/2 ( 123 Sb)→͓1g 7/2 ϫQ i ϩ ͔ J ( 121 Sb) matrix elements, this state is the most strongly excited state in 121 Sb in the ͑p,t͒ reaction. An admixture of about 5% for the quasiparticle 1g 7/2 configuration is found in the 7/2 ϩ state which has the ͓1g 7/2 ϫ2 1 ϩ ͔ 7/2 ϩ component of the wave function as a dominant ͑83%͒ configuration. In the calculations, this state has an energy of 1.36 MeV and corresponds to the 7/2 ϩ level at 1.024 MeV. Indeed, the contribution of 5% of the 1g 7/2 configuration to the wave function of this state explains why the 7/2 ϩ component of the ͓1g 7/2 ϫ2 1 ϩ ͔ multiplet, which has the largest transition matrix element among the ͓qpϫ1ph͔ configurations is observed to have a small cross section ͑see Table I͒ . The weak excitation of this state is the result of the destructive interference between a very large transition matrix element 1g 7/2 ( 123 Sb)→1g 7/2 ( 121 Sb) to a small component of the final state and a moderate transition matrix element 1g 7/2 ( 123 Sb)→͓1g 7/2 ϫ2 1 ϩ ͔ 7/2 ϩ( 121 Sb) for the main configuration. Some traces of the quasiparticle 1g 7/2 configuration may be found in 7/2 ϩ states at higher energies, but since the contribution does not exceed 0.1%, the excitation of these states in the ͑p,t͒ reaction is completely determined by the ͓qpϫ1ph͔ components of their wave functions. For this reason the spectroscopic factors of these states will not be discussed in the present analysis.
First, let us consider the 7/2 ϩ states whose total spin and parity have been identified because of Lϭ0 transfer. There are four levels of this type between 2.1 and 2.5 MeV ͑see Table I͒ in addition to the 7/2 ϩ level at 37 keV already discussed. The corresponding experimental values are plotted in Fig. 9͑a͒ . In the calculations this type of state must have ͓1g 7/2 ϫ0 i ϩ ͔ 7/2 ϩ configurations as main components of the wave functions. In Fig. 9͑b͒ the theoretical predictions for these four states are shown, while the main components of the wave functions are given in Table III . Only the state at 2.17 MeV has a simple structure: the same as expected in the spectator approach. The structure of other states is much more complex. The agreement between experiment and theory for these states, in position and integrated ͑p,t͒ cross section, is very good. The calculation also predicts 7/2 ϩ state with similar properties at about 1.2 MeV, which has not been observed experimentally. The predicted ͑p,t͒ cross section for this state, obtained with a destructive admixture of the FIG. 8 . Correspondence between the levels observed in the 122 Sn(p,t) 120 Sn reaction and the one-phonon states in 120 Sn of the same spin and parity in the QPM calculations. 1.30 0.50 quasiparticle 1g 7/2 configuration to its wave function of about 0.1%, equals 20 b. Nevertheless, if the amount of destructive admixture of the quasiparticle 1g 7/2 configuration reaches about 0.8% the cross section becomes negligibly small, as happens with the excitation cross sections of the ͓1g 7/2 ϫ2 1 ϩ ͔ 7/2 ϩ state. In both cases the contribution of the quasiparticle 1g 7/2 configuration does not exceed 1%. Such high degree of accuracy is beyond the capability of any model calculation. This means that the theoretical predictions of the ͑p,t͒ cross sections of the 7/2 ϩ states below 1.5 MeV are not very precise because the results are extremely sensitive to small admixtures of the quasiparticle 1g 7/2 configuration. For the states of other multipolarities, the transition amplitudes between the 1g 7/2 ( 123 Sb) ground state and one-quasiparticle configurations of 121 Sb are negligibly small. Thus we have no problems of accuracy.
In Fig. 10͑c͒ the results of the calculation of the 123 Sb(p,t) 121 Sb reaction cross sections, as a function of excitation energy of 121 Sb, are compared to the experimental data shown in Fig. 10͑a͒ . In Fig. 10͑b͒ we present the results of the simplified calculations in which the unpaired quasiparticle is considered as a pure spectator. In this case all multiplets ͓␣ j ϩ Q ϩ ͔ J with ͉ jϪ͉рJр( jϩ) are degenerate in energy and only the states with the maximum possible value of J are presented in Fig. 10͑b͒ because of their largest excitation probability.
A comparison of Fig. 10͑b͒ to Fig. 10͑a͒ indicates that the spectator approach also reproduces the general features of the experimentally observed distribution of the ͑p,t͒ cross section to low-lying levels in 121 Sb. The spectrum is dominated by a very strong transition to the 7/2 ϩ state at 40 keV which is homologous to the 0 g.s. ϩ populated in 122 Sn(p,t) 120 Sn reaction and has been discussed above. There is a strongly excited multiplet ͓1g 7/2 ϫ2 1 ϩ ͔ J ϩ at about 1 MeV and a large group of states between 1.9 and 2.6 MeV which are excited more weakly. But, as already mentioned above, this approach is not able to describe the splitting of multiplets.
In the realistic calculations performed with the wave function ͑1͒ ͓Fig. 10͑c͔͒, the multiplets split because of the interaction with other ͓qpϫ1ph͔ configurations in which the unpaired quasiparticle moves to another proton level of the average field. It is possible to establish a one-to-one correspondence between the calculated states that carry the main fraction of the ͓1g 7/2 ϫ2 1 ϩ ͔ J ϩ multiplet, and the experimentally observed levels. In the calculations the 11/2 ϩ and 9/2 ϩ components come out in reverse order and the 3/2 ϩ component has an excitation energy about 300 keV higher than the experimental one. We have already discussed above why the 7/2 ϩ component of this multiplet has a very weak cross section and it is not clear why the 5/2 ϩ component is not observed either in the present experiment or in other experiments. At higher excitation energies, the fragmentation of the ͑p,t͒ cross section and the absence of the ͑p,t͒ strength above 2.7 MeV are reasonably well reproduced by these calculations. Some general comparisons between the data and the results of calculations can be made taking into account that in the ͑p,t͒ reaction with even ͑odd͒ values of L transfer, positive ͑negative͒ parity states are excited from the 7/2 ϩ ground state of 123 Sb. For a better comparison with the experimental data, the states J from the QPM calculations are presented in Figs. 11 and 12 according to the L transfer by which they are excited in the ͑p,t͒ reaction. Their J values are not indicated to avoid overloading the figures. To assign L transfer for each state their wave functions have been analyzed. A definite L-value means that the ͓1g 7/2 ϫQ Li ϩ ͔ J configurations are dominant in their wave functions. As is the case for the TABLE III. Main components ͑у5%͒ of the wave functions of the 7/2 ϩ states presented in Fig. 9͑b͒ .
E exc ͑MeV͒
Configuration Contribution
FIG. 10. ͑a͒ Experimental and ͑b͒, ͑c͒ calculated integrated cross sections of the 123 Sb(p,t) 121 Sb reaction from 5°to 65°as a function of excitation energy in 121 Sb. Calculations are performed ͑b͒ assuming that the unpaired quasiparticle is a pure spectator and ͑c͒ with wave function of Eq. ͑1͒.
analysis of the angular distributions, calculations predict very weak mixing of different L transfer for practically all excited states.
The experimental spectrum is dominated by states with positive parity. This is not surprising because, above the closed Zϭ50 shell, the first available proton single-particle levels are the 2d 5/2 and 1g 7/2 levels with positive parity, and the 1h 11/2 level with negative parity, the last with an energy about 1 MeV higher. Moreover, the lowest 3 Ϫ and 5 Ϫ excitations of the 120 Sn core, which may change the parity, are more than 1 MeV above the 2 1 ϩ and 4 1 ϩ states. Thus, the lowest level with negative parity, and the only one below 2 MeV, has excitation energy of 1.426 MeV. The calculations also predict only one negative parity state below 2 MeV with J ϭ11/2 Ϫ . The wave function of this state has the main quasiparticle component 1g 7/2 , with a contribution of 75%.
The very small reaction amplitude for the transition 1g 7/2 ( 123 Sb)→1h 11/2 ( 121 Sb), as discussed above, accounts for the small excitation cross section of the level at 1.426 MeV ͑see Table I͒ . The comparison between experimental results and theoretical predictions allows a tentative assignment J ϭ11/2 Ϫ to this level. This is in agreement with the strong Lϭ5 transition observed in the 120 Sn͑ 3 He,d͒ 121 Sb reaction ͓13,26͔ yielding J ϭ9/2 Ϫ ,11/2 Ϫ .
A group of negative parity levels is observed between 2.1 and 2.6 MeV. For negative parity, the calculation gives a number of states concentrated at the right excitation energy, although with a higher density. The angular distributions of cross sections for the three levels at 2.165, 2.312, and 2.545 MeV are well reproduced by an Lϭ1 transfer. The wave functions of these states should have a large contribution from ͓1g 7/2 ϫ1 Ϫ ͔ J Ϫ configurations, if they were populated by a one-step excitation process. Furthermore, the lowest 1 Ϫ state in 120 Sn with two-phonon nature ͓2 1 ϩ ϫ3 1 Ϫ ͔ 1 Ϫ is located at about 3.5 MeV. No 1 Ϫ levels below 3 MeV have been observed, either in the 122 Sn(p,t) 120 Sn reaction ͓38͔ or in the nuclear resonance fluorescence experiments ͓54͔, the most selective experiments for the excitation of the 1 Ϫ1 states in even-even nuclei. Therefore, none of the (5/2Ϫ9/2) Ϫ states below 3 MeV in the present calculations has a structure allowing its excitation by an Lϭ1 transfer. The relatively large ͑p,t͒ cross sections for these levels, especially for the one at 2.312 MeV, is even more puzzling. The excitation of the levels by Lϭ3 and Lϭ5 takes place because of the ͓1g 7/2 ϫ3 1 Ϫ (5 1,2 Ϫ )͔ J Ϫ transition amplitudes. The other onephonon states with J ϭ3 Ϫ and J ϭ5 Ϫ in the 120 Sn core have energies higher than 3 MeV and their contribution to states in 121 Sb below 3 MeV is very small. The number of levels excited by Lϭ3 is larger than expected from the (2Jϩ1) rule of a possible multiplet splitting. The theoretical interpretation is very simple. Each member of the multiplet ͓1g 7/2 ϫ3 1 Ϫ ͔ J Ϫ, interacting with other ͓qpϫ1ph͔ J Ϫ configurations of the same spin and parity, admixes and gives a part of its transition amplitude to the last configurations which have their own negligibly small value of the excitation amplitude.
In the present experiment no Lϭ7 transitions have been observed. However, in 120 Sn a level with J ϭ7 Ϫ has been found at 2.480 MeV in the 122 Sn(p,t) 120 Sn reaction ͓38͔. In the calculations the multiplet of the ͓1g 7/2 ϫ7 1 Ϫ ͔ J Ϫ states with J ranging from 7/2 to 21/2 is located at about 2.35 MeV and is weakly fragmented, except for the 7/2 Ϫ component. Since the 7 Ϫ level at 2.480 MeV in 120 Sn has an integrated cross section of 115 b, it is not clear why the members of this multiplet, at least those with the largest J, have not been observed in the 123 Sb(p,t) 121 Sb reaction.
The situation of the positive parity states in 121 Sb below 3 MeV is much more complex compared to the negative parity states, due to their higher density. In addition, the number of the positive parity ͓qpϫ1ph͔ configurations which carry nonzero value of the transition amplitude from the 7/2 ϩ ground state in 123 Sb is much larger. On the contrary, only one 3 Ϫ , two 5 Ϫ , and one 7 Ϫ excited states below 3 MeV have been observed in the 122 Sn(p,t) 120 Sn reaction ͓38͔. It has to be noted that only these excitations of the core 120 Sn coupled to the 7/2 ϩ quasiparticle configuration have a nonvanishing value of the reaction amplitude. The number of the positive parity states in 120 Sn observed in the ͑p,t͒ reaction is much larger. Establishing a correspondence between them and the one-phonon states in the 120 Sn calculations, four 0 ϩ , six 2 ϩ , five 4 ϩ , and one 6 ϩ states ͑see Fig. 8͒ have been assumed to carry the transition amplitude. A few other positive parity state excitations of the core with the smallest values of the ͑p,t͒ cross section have been neglected.
The spectrum of the positive parity states identified in the present experiment is compared with the QPM predictions in Fig. 12 . The comparison between the experiment and calculations for Lϭ0 has already been discussed. Most of the positive parity states in 121 Sb are excited by Lϭ2 or Lϭ4. Only one level at 1.932 MeV has an admixture of Lϭ6. It does not match well, either in the excitation energy or in the cross section value, with the level in 120 Sn at 2.691 MeV( int ϭ36.8 b) which has been assigned as (2 ϩ ϩ6 ϩ ). As in the case of negative parity states, the fragmentation of the levels excited by Lϭ2 and Lϭ4 transfers is somewhat underestimated, especially for the Lϭ2 transfer in the energy region between 1.4 and 1.9 MeV. By considering excitation energy and reaction cross section arguments, we can infer that the levels in this energy region carry some fragments of the ͓1g 7/2 ϫ2 1 ϩ ͔ J ϩ configurations. Above 1.9 MeV the calculated states are much more numerous than the experimental states. It is clear that many levels may be missed because of low cross sections.
IV. SUMMARY
Accurate measurement of the ͑p,t͒ reaction differential cross sections for the transitions to the levels of 121 Sb nucleus allows us to confirm or determine energies of 66 levels, 33 of which have been seen for the first time, and to determine the angular momentum transfer values for 64 levels. The L-transfer values allow us unambiguously to assign parity to these levels and to determine a well-defined range for the J values. The experimental reaction data have been analyzed by using conventional Woods-Saxon potentials for the entrance proton and exit triton channel. The DWBA calculations have been performed in the finite range approximation. A dineutron cluster pickup mechanism describes the angular distributions rather well.
In order to achieve a better understanding of the experimental results, the present ͑p,t͒ data have been supplemented by microscopic calculations. The calculations carried out for the 121 Sb excited states with J from 1/2 Ϯ to 19/2 Ϯ up to an excitation energy of 3.5 MeV, give a reasonably good description of the experimental fragmentation of the cross sections and the absence of the ͑p,t͒ strength above 2.7 MeV. Four experimental 7/2 ϩ states identified in the energy range between 2.1 and 2.5 MeV are well reproduced by the theoretical calculations, not only in regard to their energies, but also in regard to the integrated cross sections.
Simplified calculations in which the unpaired quasiparticle is considered as a pure spectator are able to reproduce the general features of the ͑p,t͒ cross section distribution, but fail to describe the fragmentation.
